Reward-processing involves two temporal stages characterized by two distinct neural processes: rewardanticipation and reward-outcome. Intriguingly, very little research has examined the relationship between neural processes involved in reward-anticipation and reward-outcome. To investigate this, one needs to consider the heterogeneity of reward-processing within each stage. To identify different stages of reward processing, we adapted a reward time-estimation task. While EEG data were recorded, participants were instructed to button-press 3.5 s after the onset of an Anticipation-Cue and received monetary reward for good time-estimation on the Reward trials, but not on No-Reward trials. We first separated reward-anticipation into event related potentials (ERPs) occurring at three sub-stages: reward/no-reward cue-evaluation, motor-preparation and feedback-anticipation. During reward/no-reward cue-evaluation, the Reward-Anticipation Cue led to a smaller N2 and larger P3. During motorpreparation, we report, for the first time, that the Reward-Anticipation Cue enhanced the Readiness Potential (RP), starting approximately 1 s before movement. At the subsequent feedback-anticipation stage, the Reward-Anticipation Cue elevated the Stimulus-Preceding Negativity (SPN). We also separated reward-outcome ERPs into different components occurring at different time-windows: the FeedbackRelated Negativity (FRN), Feedback-P3 (FB-P3) and Late-Positive Potentials (LPP). Lastly, we examined the relationship between reward-anticipation and reward-outcome ERPs. We report that individualdifferences in specific reward-anticipation ERPs uniquely predicted specific reward-outcome ERPs. In particular, the reward-anticipation Early-RP (1-.8 s before movement) predicted early reward-outcome ERPs (FRN and FB-P3), whereas, the reward-anticipation SPN most strongly predicted a later rewardoutcome ERP (LPP). Results have important implications for understanding the nature of the relationship between reward-anticipation and reward-outcome neural-processes.
Introduction
Prior animal-model and human research suggests that rewardprocessing can be separated into two temporal stages: rewardanticipation and reward-outcome (Berridge & Robinson, 2003; Knutson, Fong, Adams, Varner, & Hommer, 2001; Liu, Hairston, Schrier, & Fan, 2011; Salamone & Correa, 2012) . These stages are thought to be different from each other neuro-chemically, neuro-anatomically, and neuro-physiologically. What remains unclear, however, is the extent to which neural-activity during reward-anticipation is related to individual-differences in neuralactivity during reward-outcome. A challenge in investigating this question is that there are several distinct psychological processes embedded within both reward-anticipation and reward-outcome. To investigate the relationship between reward-anticipation and reward-outcome neural activity, it is important to determine which specific components of reward processing are related to each other. The strong temporal resolution of event-related potentials (ERP; Luck, 2005) makes it an ideal method for unpacking the distinct psychological processes within reward processing, and for examining the relationship between reward-anticipation and reward-outcome neural activity. Several ERP studies have investigated different aspects of reward-anticipation (Brunia, Hackley, van Boxtel, Kotani, & Ohgami, 2011; Goldstein et al., 2006; McAdam & Seales, 1969) .
